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(57) ABSTRACT

The invention relates to conductive inks obtained by combin-
ing AQCs and metal nanoparticles. Atomic quantum clusters
(AQCs), which melt at temperatures of less than 150° C., are
used as low-temperature “flux” for the formulation of con-
ductive inks. The combination of AQCs with bimodal and
trimodal mixtures of nanoparticles of various sizes guaran-
tees the elimination of free volumes in the final sintering of
the nanoparticles in order to achieve electronic structures
with very low resistivity (close to that of the bulk material)
with low-temperature thermal treatments (<150° C.).
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1
CONDUCTIVE INKS OBTAINED BY
COMBINING AQCS AND METAL
NANOPARTICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national phase under the provi-
sions of 35 U.S.C. §371 of International Patent Application
No. PCT/ES2010/070765 filed Nov. 23, 2010, which in turn
claims priority of Spanish Patent Application No.
P200902230 filed Nov. 25, 2009. The disclosures of such
international patent application and Spanish priority patent
application are hereby incorporated herein by reference in
their respective entireties, for all purposes.

FIELD OF THE ART

The present invention relates to a new formulation of col-
loidal inks based on using atomic quantum clusters (AQCs),
(synthesized according to the process described in patent
ES2277531) in combination with mixtures of metal nanopar-
ticles of various sizes. Electronic structures with very low
resistivities (close to that of the bulk material) are achieved
with this formulation using thermal treatments at low tem-
peratures (<150° C.). The conductive inks serve, among other
applications, for use in the printed electronics industry.

STATE OF THE ART

Currently the use of metal nanoparticles, such as Ag, Cu,
etc., for the preparation of conductive pastes and inks, mate-
rials for electronic contacts, etc., is one of the fields with the
greatest research activity due to their innumerable possible
applications in the field of the printed electronics, in all of its
forms ranging from screen-printing, pad-printing and inkjet
printing to the different mass-printing methods, such as offset
printing, engraving and flexography. The possibility of manu-
facturing low-cost electronic products on common-use mate-
rials, such as paper, plastic and textile, has initiated a new era
in the field of consumer electronics. Within all these technolo-
gies, the suitable design of stable colloidal dispersions of
metal nanoparticles (conductive inks from nanoparticles) is
one of the most important challenges for the expansion of this
enormous potential market.

For their application, conductive inks from nanoparticles
have to possess certain characteristics which must be opti-
mized for achieving suitable results in the different forms of
printed electronics (see, for example, the use of Ag and Au
nanoparticles in of ink-jet printing techniques: J. Perelaer et
al., Advanced Materials 2006, 18, 2101;Y. -Y. Noh et al.,
Nature Nanotechnology 2007, 2 784 A, respectively). Apart
from the problems of wetness and adhesion to the substrate
used, for which different strategies have been developed in
the formulation of the inks, the fundamental problem resides
in achieving high conductivities in the metal structures
printed by means of conductive inks.

Regardless of the type of printing used and the specific
formulation of the conductive ink, the process of printing with
inks is associated with the drying of the ink and the sintering
of the particles deposited on the substrate. This sintering
process necessarily involves an increase of the temperature or
curing. The problem of the suitable ink formulation for
achieving optimal electric conduction in the final printing at
temperatures that are low enough so as to not damage the
substrate then arise.
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Not long ago it was normal to use particles of sizes larger
than 200-500 nm in conductive inks using colloidal disper-
sions. Nevertheless, it was quickly seen that using particles
with sizes less than approximately 250 nm presented notable
advantages, such as improvements in quality of the printed
images, better reproducibility, etc. So, for example, Fuller et
al. (Fuller, S. B.; Wilhelm, E. J.; Jacobson, J. M. J. Micro-
electromech. Syst. 2002, 11, 54) showed that when using
colloidal inks containing Au and Ag nanoparticles from 5 to 7
nm in an organic solvent, high performance electronic struc-
tures, sintering the printed circuit boards at 300° C., can be
obtained by ink-jet printing. However, the sintering carried
out at these temperatures can lead to the destruction of the
substrate on which printing is to be done. The current chal-
lenge in the use of nanoparticles consists of obtaining these
high performances at much lower temperatures, such as for
example temperatures less than 150° C. and preferably less
than 100° C., in order to enable applying them on tempera-
ture-sensitive substrates, such as specific types of polymers
(among which polycarbonate with glass transition tempera-
tures of approximately 150° C. and melting temperatures of
approximately 230° C., can be mentioned), paper, etc.

In turn, patent ES2277531 (B2) and its international appli-
cation WO 2007/017550, disclose a process for obtaining
atomic quantum clusters, referred to as AQCs, with sizes less
than 2 nm, and preferably less than 1 nm, of different metals.
Said documents also disclose how to proceed for the separa-
tion, stabilization and functionalization thereof. It is indicated
in the method fundamentals that the physicochemical prop-
erties of the clusters sintered by said process are different
from nanoparticles. This is due to the fact that a separation of
the energy levels is originated in the AQCs at the Fermi level
(HOMO-LUMO gap or bandgap), which means that these
particles stop behaving like metal particles, which is readily
seen by the suppression of their plasmon band and the occur-
rence of different bands due to electron transitions between
the different energy levels of the clusters, which then stop
behaving like a “metal particle” and their behavior becomes
molecular, i.e., they stop being particles and really become
“molecules”. Even the metal nanoparticles approaching the
sizes of the atomic quantum clusters (ACQs) therefore have
properties and behaviors completely different form those of
the clusters, so an unexplored area of the art opens up. New
properties thus appear in these clusters that are not present in
nanoparticles, microparticles or the bulk metal material. It is
precisely the fact that their behavior and properties are dif-
ferent, due to the important quantum effects characterizing
these clusters of atoms, that make it impossible to extrapolate
their properties simply from those of the metal nanoparticles,
and therefore make it impossible to predict their properties
and performances for applications such as the production of
conductive inks as proposed in the present invention.

FIG. 1 shows the experimental results of melting tempera-
tures obtained with Ag AQCs obtained by the processes
described in patent ES2277531. FI1G. 1a shows a TEM image
of Ag clusters approximately 1 nm in size deposited on a
graticule. FIG. 15 shows the image of the same sample once
the graticule is subjected to treatment at 100° C. for a few
seconds. It is observed that the Ag AQCs have melted. Pre-
cisely because the clusters melt at very low temperatures in
comparison with metal nanoparticles, they will conveniently
be used in the present invention for optimizing the formula-
tion of conductive inks.

In addition, another important problem when a particle-
based conductive ink is deposited is the interparticle spaces
present in the printed electronic structure. These gaps cause
an important reduction of conductor material present in the
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cross-section of the deposited film, thus reducing the conduc-
tivity, or in other words, considerably increasing its electric
resistance. The minimal interparticle space (free space) that
can be obtained by means of monodispersed spheres is 26%
for an ideal close packing (fcc) and 36% for an ideal random
close packing (rcp) (A. R. Kansal et al. J. Chem. Phys. 2002,
117, 8212). In practical cases (polydispersed and not per-
fectly spherical particles), this free space is enormously
increased, thus provoking a very important reduction of the
conductive properties.

In the present invention, besides the use of the AQCs as low
temperature fluxes, mixtures of nanoparticles of various sizes
are used for eliminating the mentioned empty spaces. To
determine the size ratio of the different nanoparticles used,
theoretical estimates are used that predict that for a size ratio
between spheres (r/r,, where r, is the radius of the large
nanoparticles and r, corresponds to radius of the small nano-
particles) of approximately 5 to 10 times (A. R. Kansal et al.
J. Chem. Phys. 2002, 117, 8212), for the case of random
closed packing, reductions of the free volume of approxi-
mately 60% of the initial free volume are obtained. An addi-
tional increase of the size ratio does not yield additional
notable reductions of said free volume. In addition, when
deciding the size of the small nanoparticles to be introduced
into the mixture of nanoparticles it must also be considered
that an increase of the size ratio can lead to a phase separation
between the two types of nanoparticles (E. Liniger et al. J.
Am. Cer. Soc. 2008, 70, 843), so when selecting the sizes it is
necessary to search for a solution of compromise. In addition,
taking into account that the free volume left by the larger sized
particles is, as previously mentioned, approximately 30% and
that the reduction of the free volume using a particle size ratio
ofr /r=1/5-1/101s 60%, the ratio of volumes occupied by the
small and large particles is approximately V. /V,=18%/
70%=~0.3, i.e., V /V~=1/3.

Theoretical Basis of the Present Invention

The present invention relates to a new formulation of stable
colloidal inks based on mixtures of metal nanoparticles of
various sizes and of semi-conductive flux elements with melt-
ing points less than 150° C. and advantageously with melting
points less than 100° C. Said flux elements, acting as bonding
elements (sintering elements), allow the surprising effect of
achieving metal contact between the nanoparticles, achieving
electronic structures with very low resistivities (close to those
of the bulk material) with thermal treatments at very low
temperatures (<150° C.)

Said non-conductive flux elements are atomic quantum
clusters (AQCs) synthesized according to the process
described in patent ES2277531 and its corresponding WO
2007/017550 Al.

The inclusion of the AQCs as flux elements in the formu-
lation of the ink is not an obvious step in developing a con-
ductive ink because, surprisingly, despite said flux elements
not being conductive but rather semi-conductive, the result is
a conductive ink with excellent conductive properties, which
is counter to the standard practice, consisting of using exclu-
sively conductive particles when making an ink with high
conductive performance.

Combining this aspect, i.e., the property of the low melting
temperatures of the atomic quantum clusters and the reduc-
tion of the inter-particle free space necessary to achieve print-
ing using nanoparticle inks, the formulation herein proposed
as object of the invention attempts to achieve, on one hand, a
maximum reduction of that free space by means of combining
at least nanoparticles of two different sizes and furthermore a
final component using a particular proportion of AQCs for
achieving a greater “inter-particle connection”. The nanopar-

10

35

40

45

50

55

4

ticles of the largest size constitute, in a greater proportion, the
largest volumetric percentage of the ink to be obtained, which
assures low cost as well as a greater ease for adjusting the
physicochemical properties (viscosity, surface tension, . . . )
to the specific needs of the ink (type of printing,
substrate, . . . ). The nanoparticles of an intermediate size
serve, in a lesser proportion, for occupying the largest part of
the gaps left by the spheres of largest size, thereby increasing
the possibility of greater packing in the final deposited struc-
ture. Finally, the AQCs are used, in much smaller proportions,
as a low temperature “flux” which allows 1) occupying the
gaps left by the mixture of nanoparticles due to their size
being so small, and 2) the bonding and sintering of the ink
nanoparticles at very low temperatures without needing to
melt of the remaining nanoparticles which would require
higher temperatures.

Two specific examples of how to select the sizes for the
preparation of the conductive inks based on mixtures of nano-
particles and AQCs are described below.

EXAMPLES OF APPLICATION
1. Trimodal Distribution+AQCs

The optimal size for the largest nanoparticles to be used in
the inks is from 100 to 250 nm. Larger nanoparticles have
greater problems of stability and sintering at very high tem-
peratures due to their smaller surface/volume ratio. Smaller
nanoparticles are then used for occupying the gaps left by the
larger nanoparticles, as previously mentioned. The size cho-
sen for the smaller nanoparticles is such that the size ratio of
the nanoparticles is approximately 1/5 (r/r/~=1/5) for achiev-
ing a greater reduction of the free volume without a loss of
colloidal stability. This last aspect, although enabling com-
pensation with additives, always entails an additional diffi-
culty in the final formulation of the inks. Therefore consider-
ing the size of the largest nanoparticles (r,=100-250 nm), the
size of the smallest nanoparticles is r,=25-50 nm, the 1/5 ratio
between the chosen sizes being maintained in any case in
these intervals. The volumetric ratio (or weight if spheres of
the same material are being used) of large to small nanopar-
ticles to be used is approximately 1/3, as previously men-
tioned, for covering the interstitial spaces left by the large
particles. The free volume left by the large nanoparticles is
thereby notably reduced. A still smaller third nanoparticle
size is used for attaining a more significant practical reduction
of the free volume, such that the size ratio between the inter-
mediate and smallest nanoparticles is approximately equal to
that existing between the large and intermediate nanopar-
ticles. For the example being considered, the smallest nano-
particles of approximately r,.=5-10 nm (r,=radius of the
smallest particles). Again, the volumetric ratio (or weight in
the case of using the same type of material) of the intermedi-
ate nanoparticles to the smallest nanoparticles is approxi-
mately 1/3 (i.e., approximately 1/10 of the volume of the
largest particles). The introduction of this third particle size
further complicates the dispersion being separated in phases
by size.

Finally, the AQCs described in patent ES2277531 are used
as 1) low temperature flux, and 2) filler for the smallest
interstitial gaps. The volumetric ratio (or weight in the case of
using the same material) to be used is again approximately 1/3
with respect to the smallest particles (i.e., approximately 1/30
of the volume of the largest particles). It must be understood
that this ratio of AQCs is the maximum optimal value, which
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can be lowered in the interest of lowering the price of the ink.
Therefore, other approximate ratios are contemplated such
as, for example: 1/4, 1/5, 1/6.

2. Bimodal Distribution+AQCs

The formulation of the ink can be simplified by introducing
only a bimodal distribution+AQCs. The reason is that, in
practice, the nanoparticles used are not monodispersed (un-
derstanding monodispersity as the ratio between the standard
deviation of size (s) and the average size (x) being less than
10%) and always have a certain degree of more or less poly-
dispersity. This polydispersity (s/x>10%) favors, on one
hand, the stability inhibiting the phase separation by sizes
and, at the same time, reduces the free volume of the intersti-
tial gaps. For this reason formulations can be used in which,
assuming the large nanoparticles are, again, in the range of
100-250 nm, the size of the smallest nanoparticles can be
lowered to 10 times the initial size. In other words, the size of
the small nanoparticles to be used is 10-25 nm, maintaining
the ratio of 1/10 between the mean sizes of the small and large
particles chosen. The volumetric ratio of the large and small
nanoparticles continues to be approximately 1/3. The next
smallest particle size to be introduced in this case, maintain-
ing that size ratio of 1/10, would be approximately 1 nm, so
for this example the AQCs are used as the third component of
the mixture and at the same time as “fluxes”. The maximum
optimal ratio of AQCs to be used is approximately 1/3 with
respect to the smallest nanoparticles, i.e., approximately 1/10
to the large particles.

Proposed Method of the Invention

According to that described above, the combination of
semi-conductive flux elements, and particularly of AQCs and
nanoparticles of various sizes for the optimization of conduc-
tive ink formulations, is proposed, understanding AQCs as:

AQCs, stable atomic quantum clusters, characterized by
being made up of less than 500 metal atoms (Mn,
n<500),

AQCs characterized by being made up of less than 200
metal atoms (Mn, n<200),

AQCs characterized by being made up of between more
than 2 and less than 27 metal atoms (Mn, 2<n<27),

AQC:s characterized by being made up of between 2 to 5
metal atoms,

AQCs, where the metals are selected from Au, Ag, Co, Cu,
Pt, Fe, Cr, Pd, Ni, Rh, Pb or their bi-metal and multi-
metal combinations.

The present invention proposes using AQCs as low tem-
perature “flux” materials in the formulation of conductive
inks formed by combining the AQCs and at least two types of
metal nanoparticles of various sizes: large nanoparticles (be-
tween 100 and 250 nm) and small particles (between 10 and
25 nanometers), always maintaining a ratio of 1/10 between
the mean size of the large and small nanoparticles. The weight
ratio (for equal materials) to be used is approximately 1/3 of
nanoparticles of an immediately smaller size with respect to
the immediately larger size. These ratios must be modified in
proportion to their densities when different materials are used
for each nanoparticle size.

Another preferred possibility is to use the combination of
the AQCs with a mixture of 3 different sizes: large nanopar-
ticles (between 100 and 250 nm), intermediate nanoparticles
(between 25 and 50 nm) and small nanoparticles (between 5
and 10 nm), always maintaining in each case a ratio of 1/5
between the larger and immediately smaller particle sizes.
Again, for this case the weight ratio (for equal materials) to be
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used is 1/3, being modified in proportion to their densities

when different materials are used for each size.

For the present invention, the metals of the nanoparticles to
be used are selected from Au, Ag, Co, Cu, Pt, Fe, Cr, Pd, Ni,
Rh, Pb or their bi-metal and multi-metal combinations. How-
ever, due to their economic advantages, it is preferable to use
materials such as Cu, Fe, or Ag for the largest nanoparticles,
since they make up the greatest part of the material to be used
in the formulation of the conductive inks. For the smallest
nanoparticles or clusters, due to the smaller proportion used,
more nobles materials can be used for the purpose of prevent-
ing oxidation processes which reduce the final conductivity of
the printed electronic structures.

Due to the presence of the AQCs which melt at very low
temperatures (<150° C.), the conductive inks described are
able to be applied to temperature-sensitive substrates, such as
paper or polymers of the polyamide type, Kapton, flexible or
relatively non-flexible polymers, products of polyethylene,
polypropylene, products containing acrylates, polymethyl-
methacrylate, copolymers of the aforementioned polymers or
combinations thereof and also polymer films containing at
least one from the group consisting of polyesters, polya-
mides, polycarbonates, polyethylene, polypropylene, as well
as their copolymers and combinations thereof.

In turn, a process for the preparation of conductive inks is
proposed, characterized by the following steps:

a) mixing metal nanoparticles of various sizes.

b) adding semi-conductor element, which is a low-tempera-
ture flux, the melting temperature of which is substantially
less than that of the initial mixture of metal nanoparticles,
and particularly less than 150° C., the size of said semi-
conductor element being less than 2 nm.

¢) depositing the ink on any one of the following substrates:
paper, polymers of the polyamide type, Kapton, flexible or
relatively non-flexible polymers, products of polyethylene,
polypropylene, products containing acrylates, polymethyl-
methacrylate, copolymers of the aforementioned polymers
or combinations thereof.

d) increasing the temperature of the ink once deposited on the
substrate for achieving the sintering thereof, such that:
the metal nanoparticles do not reach their melting point.
the semi-conductor flux element is melted, thus allowing

metal contact between the metal nanoparticles, resulting
in high conductivities.

Example

Synthesis of an Ink for Inkjet Printing Containing a
Bimodal Distribution of Nanoparticles and AQCs

50 g of an ink based on bimodal mixtures of nanoparticles
and AQCs, with a final concentration of 30% Ag (by weight),
for use as a conductive ink in inkjet printing was synthesized.

The final formulation of the ink is made up of a bimodal
distribution of nanoparticles+ AQCs, using a 50/50 by weight
mixture of ethylene glycol (EG)/ethanol (E). The particles
used in the bimodal distribution were: 1) large Ag nanopar-
ticles, with a mean size of 50 nm and a size distribution
represented in FIG. 2; 2) small Ag nanoparticles, with a mean
size of 5 nm and a size distribution represented in FIG. 3. The
AQCs used were Ag clusters of a size less than 1 nm, as seen
in FIG. 4.

The final composition of the ink of the example for 50 g of
conductive ink at 30% Ag was:

25% large Ag nanoparticles: 12.5 g.

4.9% small Ag nanoparticles: 2.45 g.

0.1% Ag AQCs: 0.05 g.
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35% ethylene glycol (EG): 17.5 g.

35% ethanol (E): 17.5 g.

The formulation was prepared as follows: first, 25 L of a
formulation of large nanoparticles dispersed in water with a
concentration of 0.5 g Ag/L of H,O were taken. This solution
was centrifuged, a paste of nanoparticles being obtained to
which 17.5 g of EG were added, and it was stirred until
complete redispersion.

In addition, 0.05 L. of a dispersion of Ag AQCs with a
concentration of 1 g of AQCs/L of H,O was taken, being
added to the mixture of nanoparticles in EG. This new mix-
ture was concentrated in a rotary evaporator to remove all the
water.

Then 245 g of a dispersion of small nanoparticles in EtOH
with a concentration of 10 mg of Ag/g of EtOH were added to
the mixture.

Finally, the resulting mixture was concentrated in a rotary
evaporator to remove EtOH until achieving an EtOH weight
of17.5 g.

A printed circuit board printed with the ink of the example
using a Fujifilm Dimatix printer on a Kapton substrate and
subjected to thermal treatment at 100° C. for 30 minutes can
be seen in FIG. 5. The conductivity of the lines of the circuit
board thus obtained was 1.3-2.5 Ohms.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows transmission electron microscopy images of
Ag clusters synthesized according to the description of patent
ES2277531 and deposited on the microscope graticule (FIG.
1a) and of the same sample of clusters once the graticule was
heated at 100° C. for 30 seconds (FIG. 15).

FIG. 2 shows the size distribution of the largest Ag nano-
particles used in the formulation of the ink of the example.

FIG. 3 shows the size distribution of the smallest Ag nano-
particles used in the formulation of the ink of the example.

FIG. 4 shows a scanning tunneling microscopy image of
Ag AQCs deposited on monatomic terraces of Au(111) show-
ing that the mean size of the clusters is <1 nm.

FIG. 5 shows a printed electronic circuit board printed on
Kapton by means of the ink of Example 1 using a Fujifilm
Dimatix printer, after having site treated at 100° C. for 30
minutes.

The invention claimed is:

1. Conductive inks, consisting of:

a) metal nanoparticles,

b) a semi-conductive component consisting of stable
metallic atomic quantum clusters (AQCs), wherein the
size of the AQCs is less than 2 nm, and

¢) a solvent.

2. The conductive inks according to claim 1, wherein the
melting temperature of the AQCs is less than or equal to 150°
C.

3. The conductive inks according to claim 1, wherein the
AQCs are made up of from 2 to 27 metal atoms or from 2 to
5 metal atoms.

4. The conductive inks according to claim 1, wherein the
metals for the AQCs are selected from the group consisting of
Au, Ag, Co, Cu, Pt, Fe, Cr, Pd, Ni, Rh, Pb, and their bimetal
and multi-metal combinations.

5. The conductive inks according to claim 1, wherein the
metal nanoparticles comprise metal(s) selected from the
group consisting of Au, Ag, Co, Cu, Pt, Fe, Cr, Pd, Ni, Rh, Pb,
and their bi-metal and multi-metal combinations.

6. The conductive inks according to claim 5, wherein the
metal nanoparticles comprise bimodal mixtures of large
nanoparticles and small nanoparticles, wherein the large
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nanoparticles comprise nanoparticles having size in a range
of from 20 to 100 nm and the small nanoparticles comprise
nanoparticles having size in a range of from 2 to 10 nm.

7. The conductive inks according to claim 5, wherein the
metal nanoparticles comprise bimodal mixtures of large
nanoparticles and small nanoparticles, wherein the large
nanoparticles comprise nanoparticles having size in a range
of from 20 to 70 nm and the small nanoparticles comprise
nanoparticles having size in a range of from 2 to 11 nm.

8. The conductive inks according to claim 5, wherein the
metal nanoparticles comprise bimodal mixtures of large
nanoparticles and small nanoparticles, wherein the large
nanoparticles comprise nanoparticles having a mean size of
50 nm and the small nanoparticles comprise nanoparticles
having a mean size of 5 nm.

9. The conductive inks according to claim 5, wherein the
metal nanoparticles comprise bimodal mixtures of large
nanoparticles and small nanoparticles wherein the large
nanoparticles comprise nanoparticles having size in a range
of from 100 to 250 nm and the small nanoparticles comprise
nanoparticles having size in a range of from 10 to 25 nm.

10. The conductive inks according to claim 9, wherein the
size ratio between mean sizes of the small and large nanopar-
ticles is approximately 1/10.

11. The conductive inks according to claim 9, wherein the
volumetric ratio of AQCs to small nanoparticles and of small
nanoparticles to large nanoparticles is approximately 1/3.

12. The conductive inks according to claim 5, wherein the
metal nanoparticles are trimodal mixtures of large nanopar-
ticles, intermediate nanoparticles and small nanoparticles
wherein the large nanoparticles comprise nanoparticles hav-
ing a size of from 100 to 250 nm, the intermediate nanopar-
ticles comprise nanoparticles having a size of from 25 to 50
nm, and the small nanoparticles comprise nanoparticles hav-
ing a size of from 5 to 10.

13. The conductive inks according to claim 12, wherein the
volumetric ratio of AQCs to the large nanoparticles is
approximately 1/30 or smaller.

14. The conductive inks according to claim 12, wherein
mean size ratio of the small to intermediate nanoparticles and
of the intermediate nanoparticles to the large nanoparticles is
approximately 1/5.

15. A printing process, comprising printing conductive
inks according to claim 1, on temperature-sensitive substrates
selected from the group consisting of paper, polymers of the
polyamide type, Kapton, flexible or non-flexible polymers,
products of polyethylene, polypropylene, products contain-
ing acrylates, polymethylmethacrylate, copolymers of the
aforementioned polymers, and combinations of the afore-
mentioned polymers.

16. A process comprising sintering conductive inks accord-
ing to claim 1, said semi-conductive component acting as a
bonding agent or link between metal nanoparticles of various
sizes, thereby allowing electric conductivity.

17. The process according to claim 16, wherein the con-
ductive inks are applied in printed electronics for screenprint-
ing, pad-printing or inkjet printing.

18. The process according to claim 16, wherein the con-
ductive inks are applied in mass-printing, offset printing,
engraving or flexography.

19. The process according to claim 16, further comprising
printing the conductive inks on temperature-sensitive sub-
strates selected from the group consisting of paper, polymers
of the polyamide type, Kapton, flexible or relatively non-
flexible polymers, products of polyethylene, polypropylene,
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products containing acrylates, polymethylmethacrylate,
copolymers of the aforementioned polymers or combinations
thereof.

20. The process according to claim 16, further comprising
printing the conductive inks on polymer films containing at 5
least one material selected from the group consisting of poly-
esters, polyamides, polycarbonates, polyethylene, polypro-
pylene, and their copolymers and combinations thereof.
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